The evergreen-sclerophyllous vegetation associated to the mediterranean-type ecosystems shares common characteristics that have been explained invoking an evolutionary convergence driven by the mediterranean climate. Mediterranean climate originated in the Quaternary but the plant 'convergent' characteristics are also present in tropical-like lineages that evolved along the Tertiary, before the mediterranean climate appeared. Because evergreen-sclerophyllous vegetation was broadly distributed across the world in the Tertiary, current trait similarities among the mediterranean taxa may be due to historical and phylogenetical constraints and not to evolutionary convergence. We tested historical and phylogenetical vs. convergence hypotheses to explain present ecological attributes found in woody plant species in mediterranean areas. Multivariate analyses were performed on the matrix of genera ¥ life-history reproductive characteristics in three mediterranean-type ecosystems and a tropical system as an outgroup, the Mexical shrubland. These analyses indicate that character syndromes in mediterranean plants may largely be explained in relation to the age of the lineage (Tertiary vs. Quaternary). We also found that the similarities shown among mediterranean vegetations are due to Tertiary (pre-mediterranean-) and not to Quaternary (true mediterranean-) taxa. Furthermore, the similarities among mediterranean taxa are due to phylogenetical inertia because similarities in the character syndromes disappear when common genera are excluded from the analysis.
INTRODUCTION
The identification of common morphological, life-history and reproductive traits found among different plant species assemblages living under similar environmental conditions, have often been interpreted as a consequence of adaptive processes. However, with the inclusion of biogeographic and palaeontological thought into our understanding of the ways that different plant assemblages have been formed, ecologists are now aware that ecological patterns can also be the result of historical process derived from the dynamics of regional taxonomic assemblage, and/or from differential representation in regional species assemblages caused by differences in diversification rates of lineages (Herrera, 1992) .
Vegetation from distant areas under a mediterranean climate shares common characteristics, such as sclerophylly, evergreeness and the ability to resprout after fire (Barbour & Minnich, 1990) . These similarities in the characteristics of plant species living in such distant areas have been explained invoking an evolutionary convergence driven by the mediterranean climate, and by the high frequency of periodic fires (Mooney & Dunn, 1969; Cody & Mooney, 1978;  but see Lloret et al ., 1999; Verdú, 2000; Bond & Midgley, 2001) .
However, the 'convergent' characteristics are paradoxically presented in tropical-like lineages that evolved in the Tertiary, before mediterranean climates appeared (Herrera, 1992; Verdú, 2000) . These characters are associated with each other in the premediterranean syndrome of Herrera (1992) which corresponds to sclerophyllous, vertebrate-dispersed, fleshy-fruited, large-seeded taxa that evolved in the Tertiary under a tropical climate. The other syndrome corresponds to taxa evolved in the Quaternary, under a mediterranean climate and corresponds to nonsclerophyllous, anemochorous, dry-fruited and smallseeded taxa.
Climates with summer rain and supporting tropical-like vegetation were broadly distributed in the Tertiary in many parts of the world, including the current mediterranean areas. With the general palaeoclimatic trend towards greater aridity, the mediterranean climate appeared in the Quaternary when summer precipitation decreased because the oceans became colder and the lands hotter (Axelrod, 1973; Suc, 1984) . The change from tropical to mediterranean climate lead surviving taxa to seek refuge in today's current mediterranean areas (Axelrod, 1975) . However, these areas were not the only zones where the tropical-like vegetation found refuge; tropical areas of Mexico were also suitable (Axelrod, 1973 (Axelrod, , 1975 Valiente-Banuet et al ., 1998) . Thus, sclerophyllous vegetation under tropical climate in Mexico (Mexical) has been recently described and has been considered as a relict of the Madro-Tertiary Geoflora with a patchy distribution along the different mountain chains of Mexico. The species that comprise this vegetation type have many similar characters to vegetation from mediterranean areas (Valiente-Banuet et al ., 1998; Lloret et al ., 1999) . Mexical has not experienced a climatic transition from tropical to mediterranean climates because it has always been in a tropical climate. Mexical shares a tropical, Tertiary climatic history with mediterranean areas but not a Quaternary, mediterranean one (Raven, 1973; Rzedowski, 1978) . Therefore, comparative analysis of vegetation across mediterranean regions may benefit from the inclusion of an outgroup like Mexical, that allows a comparison to be made between historical and convergence hypotheses (i.e. common history of Tertiary taxa vs. adaptations evolved under mediterranean climates in Quaternary taxa).
In this paper we test if the same syndromes described in a local flora from south-western Spain by Herrera (1992) are found in other mediterranean areas (California, Chile and another local Spanish flora), and if they can also be explained by the age of the lineages. Even though similar syndromes can be found among taxa from distant mediterranean areas, this similarity could represent historical processes, and may not be the result of mediterranean climates leading to evolutionary convergence. To test this possibility, Mexical was included as an outgroup to differentiate between historical and convergence hypotheses. If a mediterranean climate has been the selective process leading to evolutionary convergence, it is expected that Quaternary taxa from mediterranean areas will show a high degree of similarity, and be distinct from taxa of Mexical vegetation. If a common Tertiary climatic history is responsible of similarity among taxa from mediterranean areas, it is expected that Mexical Tertiary taxa will also display the same traits.
METHODS
Character syndromes were analysed for woody plants of three mediterranean-type ecosystems (California, Chile and Eastern Spain in the Mediterranean Basin), and the tropical ecosystem of Mexical as an outgroup. The other two mediterranean areas (Australia and South Africa) were excluded from this comparison because large differences between these two regions and other areas with mediterranean climates have previously been shown (i.e. soil nutrient status, evolutionary histories of the taxa and fire regime. Cowling & Witkowski, 1994) .
Native genera with more than 50% of woody species living under a mediterranean climate were selected for the analyses. The number of genera selected in this way was 53 for California, 69 for Chile and 92 for Mediterranean Basin. The bibliographic sources used to do this selection were the CalFlora Database (http://www.calflora.org/) for California; Navas (1973-79) and Hoffmann (1985) for Chile; and Mateo & Crespo (1990) for Eastern Spain in the Mediterranean Basin. The same criterion, except that of living under a mediterranean climate, was used to select 64 genera from Mexical according to Flores-Hernández (1996) and Valiente-Banuet et al . (1998) .
Following Herrera (1992) , each genus was scored for 10 qualitative life history-reproductive traits: spinescence (spiny vs. non-spiny), leaf type (sclerophyllous leaves vs. leaves of different characteristics), habit (evergreen vs. winter or summer facultative deciduous), flower size (perianth depth ¥ width < 25 mm 2 vs. > 25 mm 2 ), flower sexuality (hermaphroditic vs. unisexual flowers), perianth colour (brownish or greenish vs. a different colour), perianth reduction (perianth with at least one verticil absent or much reduced vs. complete perianth), pollinator type (wind pollination vs. insect pollination), seed size (seed length ¥ width < 2.25 mm 2 vs. > 2.25 mm 2 ), and seed dispersal (animal dispersed vs. otherwise). Most of these characteristics, such as evergreeness, sclerophylly and spinescence, have been used as diagnostics of 'mediterraneity' (Specht, 1988; Cowling & Witkowski, 1994; Lloret et al ., 1999) and have been shown to be associated to other traits such as flower and seed size, seed dispersal and pollination systems (Herrera J., 1987; Herrera C.M., 1992; Hoffmann & Armesto 1995; Zedler, 1995; Keeley, 1998; Verdú, 2000) .
The characteristics were scored for each genera according to Munz & Keck (1973) , Thrower & Bradbury (1977) , Rundel (1981) , Arroyo, Armesto & Primack (1983) , Rodriguez, Matthei, & Quezada (1983) , Montenegro (1984) , Herrera (1985 Herrera ( , 1992 , Hoffmann (1985) , Specht (1988), Castroviejo, (1989-93) , Hoffmann, Teillier & Fuentes (1989) , Orshan (1989) , Hoffmann & Armesto (1995) , Montenegro & Ginocchio (1995) , and also to field observations in Chile, Spain and Mexico, and herbarium inspections at MEXU (the Herbario Nacional de México). In cases in which the species within a genus had different traits, the genus was classified according to the trait presented in the greatest number of the congeneric species.
The age of the lineage of the taxa was determined as Tertiary or Quaternary on the basis of (1) the presence/absence of pre-Pliocene fossils of the genus, and/ or (2) the presence/absence of geographical disjunction (Herrera, 1992) . This palaentological and biogeographical information provide two independent lines of evidence regarding the age of the lineage (Herrera, 1992) . Fossil presence data were obtained from Menendez (1971) , Axelrod (1975 Axelrod ( , 1979 , Romero (1978 Romero ( , 1986 , Anzotegui & Lutz (1987) , Palamarev (1989) , Mai (1989) , Van Campo (1989) , Zhilin (1989), Axelrod, Arroyo & Raven (1991) , Troncoso (1991), Herrera (1992) , Arroyo et al . (1995) , Villagrán (1995), Hinojosa & Villagrán (1997) and Villagrán & Hinojosa, (1997) To test if similar life history-reproductive syndromes exists in each area, the same multivariate analysis as used by Herrera (1992) (a non-metric multidimensional scaling on a symmetrical similarity matrix with the Kruskal algorithm and a monotonic regression) was performed on the matrix of genera ¥ characters for each area. The scores from the first dimension of this analysis were compared between Tertiary and Quaternary taxa to test if the age of the lineage significantly influenced the life history-reproductive syndromes. This was done using a t -test, with separate estimation of the variances when needed because of heterocedasticity.
To test if similarities among mediterranean taxa were due to a common Tertiary history, a discriminant analysis was performed on the matrix of the character syndromes of all the Tertiary taxa from mediterranean ecosystems (California, Chile, and Mediterranean Basin) and, subsequently, the analysis was repeated with the inclusion of the Tertiary taxa of the outgroup (Mexical). To test if similarities among mediterranean taxa were due to mediterranean climates leading to evolutionary convergence, a discriminant analysis was performed on the matrix containing all the Quaternary taxa from mediterranean ecosystems (California, Chile, and Mediterranean Basin) and, subsequently, the analysis was repeated with the inclusion of the Quaternary taxa of the outgroup (Mexical). To exclude the phylogenetic effect of common genera inhabiting several areas, the discriminant analyses were re-run without these genera.
RESULTS C HARACTER SYNDROMES AND LINEAGE AGE
The first dimension of the non-metric multidimensional scaling (DIM1 in the Appendix) explained more than 81% of the variance in all the biogeographical areas. Genera were scored in a similar life-history reproductive gradient not only in the three mediterranean areas (CAL, CHI and MED) but also in the tropical area (MEX). At one end of this gradient were genera with evergreen sclerophyllous leaves, small, unisexual greenish or brownish wind pollinated flowers with a reduced perianth and large, endozoochorous seeds, and at the other were genera with the opposite characteristics.
The age of lineage significantly explained the score of the first dimension of the non-metric multidimensional scaling in the three mediterranean areas but not in the tropical area (Table 1 ). In the mediterranean areas, the evergreen sclerophyllous group was associated with lineages originated along the Tertiary, whereas the other group was associated to Quaternary origins.
S IMILARITIES AMONG TERTIARY TAXA
The discriminant analysis failed to discriminate the Tertiary taxa as a function of their biogeographical origin because no discriminant functions were significant (Wilks's lambda for the first discriminant function l = 0.80; c 2 = 29.3; d.f. = 20; P > 0.05). This analysis correctly classified about 52% of the Tertiary species from mediterranean areas (Table 2a ). By including Tertiary taxa from the Mexical outgroup area, discrimination was not improved ( l = 0.81; c 2 = 36.1; d.f. = 30; P > 0.05) and, in contrast, the correctly classified cases decreased to 40% (Table 2b , Fig. 1a ).
The wrong classification of Tertiary taxa across biogeographical regions may be the result of common genera inhabiting in all the areas because 22 genera are common to at least two mediterranean regions (3 to the three mediterranean regions, 13 to CAL and MED, 3 to CAL and CHI, and 3 to CHI and MED). After excluding these common genera, the discriminant analysis became significant ( l = 0.67; c 2 = 34.1; d.f. = 20; P < 0.05), and 59% of the taxa were correctly classified (Table 2a ). When Mexical was subsequently included as an outgroup after excluding 31 genera common to MEX and any of the mediterranean regions, discrimination remained significant ( l = 0.47; c 2 = 60.6; d.f. = 30; P < 0.01) and the percentage of corrected classified cases was 56% (Table 2b ).
S IMILARITIES AMONG QUARTERNARY TAXA
The discriminant analysis significantly discriminated the Quaternary taxa as a function of their biogeographical origin because the first discriminant function was significant ( l = 0.48; c 2 = 48.9; d.f. = 20; P < 0.001). The percentage of correctly classified Quaternary species from mediterranean areas was about 65% (Table 2c ). By including Mexical Quaternary taxa, discrimination remained significant ( l = 0.39; c 2 = 79.9; d.f. = 30; P < 0.001) although the correctly classified cases decreased to 59% (Table 2d , Fig. 1b ).
No Quaternary genus was present in more than one mediterranean area, and only three genera ( Yucca , Ageratina , and Krameria ) were common to MEX and other mediterranean areas. Therefore, taxonomic relatedness did not influence the results of the discriminant analyses described in the previous paragraph. Herrera (1992) analysed the covariation of life history-reproductive traits across woody genera of the south-western Spanish flora and found that the first axis of the multivariate analysis (DIM1) segregated two groups of genera with associated syndromes. The first group predominantly included genera with sclerophyllous, evergreen leaves, small, unisexual greenish or brownish flowers with a reduced perianth, and Results of this study show that woody plants from other mediterranean floras (Eastern Spain, California and Chile) may also be classified following the same pattern described by Herrera (1992) . However this similarity is not exclusive of mediterranean-type ecosystems because the same pattern has been found in a tropical, non-mediterranean community, the Mexical.
DISCUSSION
Historical processes may explain the existence of these syndromes in the south-western Spanish flora because the age of the lineage accounts for a significant amount of the intergeneric variation found in DIM1 (Herrera, 1992) . The first group in DIM1 correspond predominantly to Tertiary (Pre-pliocene) taxa, evolved under a tropical-like climate, whereas the second group correspond to Quaternary (post-Pliocene) taxa evolved under a mediterranean climate. Results of this study show that the same correspondence between the age of the lineage and the DIM1 occurs in other mediterranean floras (Eastern Spain, California and Chile) but not in the Mexical. This feature agrees with the general model for explaining diversity of the mediterranean-climate regions based on the re-shuffling of genetic material in response to climatic change, the importance of refugia, and the coexistence of persistent lineages derived from Tertiary woody assemblages with neoendemics (Cowling et al., 1996) . In the absence of climatic change from tropical to mediterranean climates, as is the case with the Tertiary-Quaternary transition in Mexical (Rzedowski, 1978) , lineage age is not expected to be associated which plant character syndromes. This is the result found in this study. Similarly, Verdú et al. (2002) have shown that flowering phenology is associated to lineage age in the mediterranean floras but not in the Mexical.
For the mediterranean climate to be considered a selective pressure leading to convergent evolution in woody plants living in geographically disjunct places, it is expected that Quaternary taxa (those that evolved under a mediterranean climate) display structural and functional similarities. However, a discriminant analysis based on life history-reproductive traits significantly segregated the Quaternary taxa across California, Chile and the Mediterranean Basin. It suggests that evolution led to different association of characters in each mediterranean area. Other contemporary factors, such as regional processes (microclimatic differences, fire regimes and soil nutrient status), historical effects (phytogeographical relationships) and different diversification patterns of unique lineages, should be investigated to explain the divergence of the Quaternary mediterranean taxa (Cowling & Witkowski, 1994) .
In contrast, the discriminant analysis failed to segregate Tertiary taxa from the mediterranean areas. These findings reveal that the similarities of the vegetation across mediterranean-type ecosystems are due to the long-term survival of old lineages which evolved under a tropical-like climate but not to the 'truemediterranean' Quaternary taxa. This supports the hypothesis of Axelrod (1973, p. 273) , who stated that 'inasmuch as mediterranean climate did not appear until after the Tertiary, the similarities in structure and function displayed by taxa of divergent origins in areas of mediterranean climate were not shaped by it.' Furthermore, when Tertiary taxa from Mexical were included in the discriminant analysis, they were not segregated from the rest of the mediterranean taxa, reinforcing the hypothesis that convergent traits of the sclerophyllous taxa were not shaped by a mediterranean climate but were already present when the mediterranean climate appeared.
Interestingly, the character similarities among the mediterranean Tertiary taxa disappear when common genera are excluded form the discriminant analysis, suggesting that a historical, non-adaptive process, like phylogenetic inertia, may also explain these similarities.
In summary, because similarities between taxa from different mediterranean areas arise in pre-mediterranean congeneric species and not in Quaternary 'truemediterranean' species, we conclude that historical processes rather than the evolutionary convergence driven by the climate explain the similarities in the ecological attributes of the mediterranean floras. APPENDIX Taxa from California (CAL), Chile (CHI), Mediterranean Basin (MED), and Mexical (MEX) considered in this study and their character states. SP, spinescence (1, spiny; 0, non-spiny); LT, leaf type (1, sclerophyllous; 0, non-sclerophyllous); HA, habit (1, winter or summer facultative deciduous; 0, evergreen); FS, flower size (1, perianth depth ¥ width < 25 mm 2 , 0, perianth depth ¥ width > 25 mm 2 ); FSE, flower sexuality (1, unisexual flowers; 0, hermaphroditic flowers); PC, perianth colour (1, coloured; 0, brownish or greenish); PR, perianth reduction (1, perianth complete; 0, perianth with at least one verticil absent or much reduced); PT, pollinator type (1, insect pollination; 0, wind pollination); SS, seed size (1, seed length ¥ width > 2.25 mm 2 ; 0, seed length ¥ width < 2.25 mm 2 ); SD, seed dispersal (1, endozoochorous; 0, nonendozoochorous); AGE, occurrence of pre-Pliocene records and/or biogeographical disjunctions (1, occurrence; 0, absence); DIM1 and DIM2, coordinates on the first and second dimensions of the non-metric multidimensional scaling of the similarity matrix of life-history and reproductive characters. Genus  SP  LT  HA  FS  FSE  PC  PR  PT  SS  SD  AGE  DIM1  DIM2 APPENDIX Continued
